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SUMMARY 

A low-speed wind-tunnel investigation has been  conducted at 
Reynolds numbers of 4.0 x 10 and 6.0 x lo6 t o  determine  the  relation- 
ship between t h e   f h p   e f f e c t i v e n e s s  and the horizontal and ve r t i ca l  
posit ion of a partial-span single s l o t t e d   f l a p  on a 47.7O sweptback- 
wing - fuselage combination. The wing had an aspect   ra t io  of 5.1, a 
taper r a t i o  of 0.383, and NACA 64-210 a i r fo i l   s ec t ions .  . 
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The value  of  the maximum lift coeff ic ient  i s  relatively  unaffected 
by the  wing-flap  position  or the flap deflection  within  the  range  inves- 
t igated.  The increment of lift coefficient i n  the linear-lift range, 
however, varies  with  f lap  posit ion and increases  with  increasing  f lap 
deflection. Although the  opthum  flap  posit ion  (posit ion of l a rges t  
lift increment) on 8 47.70 sweptback wing is not  predicted  exactly by 
two-dimensional tests, the reduction  of the increment of wing Uft coef- 
f i c i e n t  as a re su l t  of the  use of the op tbum flap  positions  determined 
from  two-dimens-ional tests amounts t o  only 0.02 to 0.03. 

INTRODUCTION 

The sens i t i v l ty  of the maxFrmrm lift coefficient t o  mall changes in 
the  posit ion of s lo t t ed   f l aps   w i th   r e l a t ion   t o   t he   a i r fo i l  is  shown in 
reference 1. In the  past ,  two-dimensional tests have been  used as. the 
basis for  determining  the optinrum posit ion of these flaps on unswept 
wings. , .  

With the  advent of swept wings there  has been some question as t o  
e the   va l id i ty  of basing swept-wing f lap  posi t ions on two-dimensional 

tests. Furthermore,  considerations  of the s ta l l ing   charac te r i s t ics   o f .  
some sweptback wings indicate that the wing maxinrum lift coefficients - 
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may be re la t ive ly   insens i t ive   to  changes i n  the  s lot ted-f lap  posi t ion 
so that the optimum f lap  posi t ion must tlieh be establi-shed on a basis 
other than maximum lift. 

An Investigation was undertaken,  therefore, to   es tab l i sh   the   re la -  
tionship of the optimm  flap  posit ions on a sweptback wing to   those  
determined from two-dimensibd  tes ts  and to   e . ia iu&te- the   e f fec ts -of  
f lap  position.  Positioning tests of a partial-span single   s lot ted  f lap 
on a 4'7.7O sweptback-wing - fuselage combination were made in   t he  
-ley lg-foot pressure tunnel. The wing had" aspec t   ra t io  of 5.1, 
t ape r   r a t io  of 0.383, and NACA 64-210 a i r fo i l   sec t ions  normal. to   the  
0.2%-chord line. Most of the t e s t s  w e r e  conducted at a Reynolds number 
of 4.0 x 10 and a Mach number: of 0.10 and the rest at a Reynolds number 
of 6.0 x 10 and a Mach number of 0.14. 

" 

" 

6 
6 

SYMBOLS 

The data a re   r e f e r r ed   t o  a set of axes  coinciding  with  the w i n d  
axes and originating in the plane of symmetry a t  the  quarter-chord point 
of the mean aerodynamic  chord. A l l  wing coefficients are based upon the 
dimensions of $he basic wing. 

CL l i f t  coeff ic ient   (Let /qS)  

X L  increment of l i f t  coefficient,  measured at a = 8O 

*CZ I increment of section lift coefficient, measured a t  . a ,  = OO 

CD drag coefficient (Drag/qS) 

cm pitching-moment coe f f l chn t  

Q free-stream dynamic preseure, pounds per square foot 

S wing area,  square  feet 

- 
C mean aerodynamic  chord, f ee t  

C w i n g  chord parallel to plane of symmetry, f e e t  

C '  wing chord measured nomud. t o  0 .286~,   fee t  

. 
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L b/2 .. semispan of wing, normal to- plane of symmetry, f e e t  

Y spanwise  coordinate, normal to  plane of  symmetry, f ee t  

L/D r a t i o  of lift t o  drag 

R Reynolds number, based on r e a n  aerodynamic  chord 

v vert ical   d is tance of .  f lap  reference  pofnt  to wing reference 
point (fig. 2) ,  percent  c' 

h  horizontal  distance of f l a p  reference  point t o  w i n g  reference 
point   ( f ig .  2) ,  percent  c' 

Ef flap  deflection,  degrees 

a angle of a t tack of root  chord,  degrees 

a0 section angle of a t tack  

MODEL 

The pr incipal  dimensions of the model are shown i n  figure 1. 
Details of the  s ingle   s lot ted f laps  and the  leading-edge  flaps are shown 
in f igure 2. A photograph of the model  mounted for t e s t ing  in the 
Langley  19-foot  pressure tunnel' is presented as figure 3. The wing, 
which w a s  of solid-steel  construction, had NACA 64-210 a i r fo i l   sec t ions  
normal t o   t h e  0.286-chord l i ne .  The  sweepback  of the 0.286-chora l i n e  
(0 .=c * ) w a s  45O, the  aspect r a t i o  was 5.1, and the  taper ratio was 0.383. 
The wing w a s  uniformly  twisted t o  produce 1.32' washout at t h e   t i p  and 
the  dihedral angle was 0'. The fuselage w a s  of c i rcular  cross section 
and had a fineness r a t i o  of 10 -2. 

The round-nose, extensible,  leading-edge  flaps  extended from 
s h t i o n  0.500b/2 to 0.9756/2 and had constant chord and constant 
deflection. 

The single s lo t t ed  flaps had a chord equal t o  0 . 2 5 ~ '  and could be 
deflected 20°, 30°, or 40'. The f l a p  span was  approximately 0.3Ob/2 and 
extended from sta t ion  0.144b/2 t o  0.450b/2. The outboard end of the 
fLap  extended only t o  the 0.450b/2 station  since  reference 2 indicates 
tht longi tudina l   s tab i l i ty  at maximum lift is unlikely  with  flaps 
extending  farther  outboard. The brackets w-ere.90 constructed as t o  
permit the f laps  t o  be moved horizontally and ve r t i ca l ly   i n   t he  plane of 
the  given  a i r foi l  Be&i+ in a .  manner such that the  horizontal  and 
vertical posit ions of the  flap reference  point were constant 

I 
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( i n  percent c ' )  dong  the   f lap  span. The f lap  posi t ions were accurate 
t o   f 0 . 0 0 1 ~ ' .  The ordinates  for  the  f lap and the flap-well sections are 
presented in t ab les  I axid 11. . 

TESTS 

The tests were conducted in   the  Langley lg-foot pressure  tunnel 
wi th   the   a i r  compressed t o  approximately 33 pounds. per square  inch 
absolute. Most of t he   t e s t s  were made a t  a Reynolds number of 4.0 X 10 
and a Mach number of 0.10. The Reynolds nqnber of 4.0 X 10 based on 
the wing mean aerodynamic  chord  correspond6 t o  a Reynold6 number of 
2.9 X 10 based on the mean chord of the  flapped  portion of the wing i n  
the plane of the  given  airfoil   section (no al t o  0.286~). A f e w  t e s t e  
were made a t  a Reynolds number of 6.'0 x 10 r and a Mach number of 0.14. 

6 
6 
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"he lift , drag, and pitching moments  were measured through an angle- 
of-attack  range at zero yaw by a simultaneously  recording  belance system. 
The character is t ics  of the wing-fuselage  combinations were determined 
fo r  a range of slotted-flap  posit ions and deflections f o r  the model with 
and without  leading-edge flaps. .The flap positions  inyest.igated  are 
shown i n  figure 4. 

.r 

" " . 
RESULTS AND DISCUSSION 

All data have been reduced t o  standard nondimensional coefficients 
and have been corrected for support-tare and interference effects and 
for  air-stream misalinement-.  Jet-boundary  corrections have been applied 
to  the  angle of a t tack and t o  the drag and pitChing-mo?nent coefficiente-. 
The jet-boundary i-nduced velocities  obtained by means of reference 3 
were used t o  compute these corrections. 

Maximum l i f t .  - The lift, .  drag, and pitching-moment characterist ics,  
representative of the  data  obtained  for the various  f lap  posit ions,   are 
shown in   f igures  5 t o  8. Within  the  accuracy of the measurements, the 
values of maximum l i f t  coefficient are essent ia l ly  the same over the 
range of f lap  posit ions and deflections  investigated,  although  in two- 
dimensional tests (reference 1) the maximum l i f t  coefficients  obtained 
were shown t o  be c r i t i c a l l y  dependent upon the  deflection  and  the  rela- 
t ive  horizontal  and ver t ical   posi t ion of -the flap  with  respect t o  the . 

airfoil .   Observations-of wool tu f t s   a t tached   to   the .  upper w i n g  surface 
indicated that the f l a w  separa tes   in i t ia l ly  from the  outer  sections of . 

the  wtng a t  moderate aTigles of attack and spreads inboard .dong the 
leading edge. This separat-ion is accajjanied by a vortex tm of flow 
as described in  reference 4. The t i p   s t a l l  and the complex vortex-flow 

:" 
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c phenomena apparently mask the e f f ec t  of the   f laps  on the maximmi lift 
coefficient.  The increment of lift coefficient A%, therefore, is 
used t o  show the   e f fec ts  of flap posi t ion and deflection. It i s  of 
i n t e re s t   t o   no te  that a i s  approximately  proportional t o   t h e  change 
i n  lift coefficient a t  which the  abrupt  decrease  occurs  in  the  slope of 
the lift curve. 

L i f t  increment.- The increments of l i f t  coefficient XL measured 
at a = 8' =e presented  in  the  contour  plots in figure 9. The incre- 
ments.were determined by using as EL base the results of tests with  the 
slotted  f laps  replaced by a so l id   t r a i l i ng  edge contoured to the  given 
a i r fo i l   s ec t ion .  Although these tests w e r e  conducted at a Reynolds num- 
ber of 6.0 x 10 , reference 4 shows that no scale   effect  011 t h e   l i f t  
occurs i n   t h e  Reynolds nmber range between 4.0 x lo6 t o  6.0 x 10 so 
that the  use  of  these  results as a base is valid.  

6 
6 

Because of the wing sweep and the   shor t   f lap  span, the  increments 
are expectedly small but show a rather orderly  variatfon  with a change 

varies slightly over the range of positions  investigated. A s  the  flap- 
deflection angle is increased up t o  40°, varies  more rapidly  with - a change fn flap pasit ion.  The pos i t ion   for   the  maximum value of EL, 
however, does  not change appreciably  with  flap  deflection. '  This optimum 
posit ion of the flap  reference  point  remains  about 1 percent ahead of 
a d  2 percent below the wing reference  point. The optimum values of ACL 
are approximately  propor'tional  to  the f l a p  deflection and were increasing 
at the greatest deflection investigated. 

4 in  f lap  posi t ion.  For a f h p  deflection of 20' the increment  of 1H-t 

The increments of sect ion lift coeff ic ient   for   def lect ions of 30° 
and 40°, obtained from unpublished  two-dimensional  positioning tests of . 
the  same a i r f o i l  and f lap   sec t ion  at the  same Reynolds number (2.9 x 10 6 
in plane  of  given a i r fo i l   s ec t ion )  are superimposed on the  three- 
dimensional data. presented in figure 9.  For the flap  def lect ion of 30' 
the  f lap  posit ion  produclng  the  largest  lift increment is s h m n   t o  be 
nearly  the same for e i ther  the two- or  three-dimensional case. 
For 6f = 40' t h i s  optimum posi t ion of t h e   f l a p   i n  two-dimensional 
flow i s  displaced upward s o m e w h t  from that on the 47.70 sweptback wing. 
The r e su l t s  show that the exact  position for maxFmum L Y ~ L  at constant 
f lap  def lect ion produced by a single s h t t e d   f l a p  on a 47.70 sweptback 
wing i s  not predicted by two-dlmensional tests but that the  reduction 
of NL resul t ing from the  use of optimum fla3 positions  based on two- 
dimensional tests amounts t o  a maxir~ua of on ly  0.02 t o  0.03. In addi- 
tion,  the  percent change i n   t h e  l i f t  increment f o r  a given movement  of 
t he   f l ap  i s  several t imes  larger  for  the two-dimensional  case than for  - the  three-dhebsional case. 

Y 
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Previous tests of the  subject wing (reference 2 )  have shown that 
some type of leading-edge  stall-contr.ql  device i s .  required on the  outer 
portion of the wing t o  delay t i p  stall i n  the high angle-of-attack 
range. Flap positionfng tes ts .were made, therefore,   for t.& w i n g  
equipped w i t h  an outboard. 0.47p/2 leading-edge  flap. 

A s  shown by the  representative data presented in   f i gu re  8, the 
maxFrmun lift. coefficients  obtained were not  appreciably  affected by the 
slotted-flap  posit ion.  In order t o  ahow the e f f ec t s  of f l a p  position, 
the  contours of AQ, obtained from the positioning  testa  with  the 
leading-edge flaps ins ta l led  on the w h g  are  presented i n  figure 10. 
The region of maximum is centered  appraxlni+tely  about  the same 
point   in  the contour p lo t  as it is  for the configuration  without the 
leading-edge f laps.  although  the area f o r  maximum i s  s o m e w h a t  
larger.  

The effects 'of   increasing the Reynolds number from 4.0 x lo6 t o  
6.0 x 10 are  shown i n  figures lo(&) and 10(b) f o r  the wing configura- 
t i on  without the stall-control  device. The e f fec t s   a r e  similar t o  those 
resul t ing from the a m t i o n  of the leading-edge flaps in  that the area 
for maximum i s  increased, which amounts t o  a decrease in   t he  sen- 
sitivity of the maximum ACL t o  f l ap  poeition. 

6 

The f lap positions for maiFmum ACL for.the  various  configurations 
investigated  are  presented  in  table 111. 

Dra .- A s  a means of  campsring the  drag  characteristics,  the  values 
of L e (  f o r  an untrimmed l i f t  coefficient of 0.8) measured for   the 
various positions of the single slotted  fbps  are  presented  as  contour 
cha r t s   i n  figure 11. A lift coefficient of 0.8 was chosen as representa- 
t i v e  of that which might be used in  the  landing-approach  condition. The 
maximum values of L/D at =-0.8 are  obtained w i t h  the flap refer- 
ence point  located ahead of the w i n g  reference  point and with the flap 
almost  tangent t o   t he   s lo t   l i p .  Within the range of f l ap  positions 
investigated the maximtm change i n  L/D w i t h  f lap  posi t ion amounted 
t o  0.5. 

Two-dimensional positioning  investigations of s ingle   s lot ted  f laps  
(reference 5 )  have shown that the positions for lowest drag  generally 
are incompatible w i t h  those  for highest maxirmrm l i f t .  A camparison of 
figures 9 and IZi indicates that the f lap  positfops f o r  maximum L/D 
(.at CL = 0.8) do not differ greatly from those  for which the maxim 
increment in l i f t  i s  produced. It i s  realized that the munerous fac tors  
involved, such as slot-entry shape,. s l o t - l i p  shape, and flap-nose shape, 
influence  the  characteristics  considerably and the  trends shawn herein 
are not  necessarily  representative of designs  other than the one 
investigated. . .  
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The e f f ec t s  on the   var ia t ion of L/D with  f lap  posi t ion of the 
addition of leading-edge f ps and of  increasing  the Reynolds m e r  
from 4.0 X 10 t o  6.0 x 10 are shown in f igure 12 for a f lap  def lect ion 
of 40°. The addition of the leading-edge f l aps   r e su l t s  in a reduction - 
i n   t h e  maxiunm value of L/D of 0.5 and moved the f lap   pos i t ion   for  
maximum L/D rearward. The increase in Reynolds number t o  6.0 X 10 6 
does not greatly alter the   f lap   pos i t ion   for  mexfmum L/D although  the 
value of maximum L/D a t  CL = 0.8 i s  increased  about 0.4. 

I 
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The f lap   pos i t ions  f o r  the maximum values  of L/D at & = 0.8 
for  the  various  confTgurations investigated are presented i n  table III. 

Pitching moment. - The representative pitchfng-moment data presented 
in figures 5 t o  8 Indicate that the trfm variat ion between the extremes 
of the  f lap-posit ion range investigated amounts t o  a maximum pitching- 
moment coefficient of about O.W5 fo r   t he  model wfth leading-edge f l a p s  
and 6f = Uo. The largest trfm change is produced with the f l a p   i n   t h e  
posit ion which gives the greatest lift effectiveness. For f lap  posi t ions 
giving  equal lift effectiveness the most rearward  positions  produce  the - ' largest  negative  pitching moments. 

The lift, drag, and pitching-moment character is t ics  of the w i n g -  
fuselage  combination  equipped  with  the  slotted  flaps  located  near  their 
optimum-lift  position are presented in figure 13 f o r  a Reynolds number 
of 6.0 x lo6. Included also are the data for the trailing-edge f laps  
off with which the l i f t  increments of f igures  9 and 10 were determined. 

- 

From the results of an investigation in the Langley 19-foot pres- 
sure  tunnel to  determine the e f f ec t s  of the posi t ion of single s lo t ted  
f laps  on a 47.7' sweptback wing, the  following remarks may be made: 

1. The value of the maximmu l i f t   c o e f f i c i e n t  is  r e l a t ive ly  
unaffected by f lap  def lect ion within the  range  investfgated  or by 
posit ion w i t h  respec t   to  the wing. The increment of l i f t  coefficient i n  
the linear-lift range, however, varies wfth  f lap  posit ion and increases 
w i t h  increasing flap deflection. 

2. Although the optimum flap  posi t ion  (posi t ion of largest lift 
increment) on a 47.7' sweptback wing is not  predicted  exactly by two- 
dimensional tests, the  reduction of the fncrement of wing l i f t  coeffi- 
cient as a result of the use  of the optimum flap  positions  determined 

d from two-dimensional tests amounts t o  only 0.02 t o  0.03. 
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3 . .  In  the range investigated  the  optimum-lift  flap  position is 
l i t t l e  affected by the  addition of outboard-located  leading-edge  flaps 
or by the  increase of Reynolds number from 4.0 x 10 t o  6.0 X 10 . 6 6 

4. The flap  posit ions a t  constant flap deflections having the   l eas t  
drag are approximately  the same as those  for   the  largest  l i f t  increment. 

Langley Aeronautical  Laboratory 
National A d v l  sory Committee for Aeronautics 

Langley fHr Force Base., Va .  . 
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TAELE I 

ORDINATES FOR UPPER SURFACE OF FLAP WELG 

ktations aad ordinates given from air- 
. .  . .. 

f o l l  chord line in percent airfoil 
chord 

.. . . ." 

I Ordinate 
Station (NACA 64-210 a i r f o i l )  

( 4  

74 75 
* 43 75 00 

-0.29 

2.02 79 00 
1.86 78.00 
1.69 77.00 
1.20 76 .oo 

2 . u  
84.W 1.94 

wrdinates between 'station6 79.75 and 84.00 
connected by s t r a i g h t  lines. 

I 
" 
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ORDINATES FOR JiW ON WING HAVIXG NACA 64-UO 

AIRFOIL SECTIONS 

upper surface 

Station Ordinate 

0 0 
25 

1.89 3-00 
1.69 2 .oo. 
1-32 1.00 
1.01 - 50 

- 78 

5 .oo 2.07 
6.00 2.09 
7.00 2-09 
g .oo 2.05 
n.00 1.88 
15.04 1.30 
20.02 .62 
2.5 .oo .a5 

L.E. radius: 0.620 

4 .OO 2 -01 

Lower surface 

Station - 
0 - 25 

* ! x  
1.00 
2 .oo 
2.50 
4.95 
9 -96 
14.98 
19 99 
25-00 

Ordinate 

0 - -34 - .50 
-.70 
-.go 
-*go 
-3-0 
- .33  - -04 
-13 - .05 

L.E. radius center: 0.170 above flap-chord 
l ine  
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TABLE 111 

Tests of 0.30b/2 f lap  on 47.70 sweptback- k-dimensional 
wing - fuselage combination t e s t  8 

Positions for maximum Positions for maxFmum 
Positions for 

mEIximum 
k l  at q, = 0' a t  a = 8' LID at g = 0.8 

h 
(a) 
L/D h h v k 1  

I I I I I I I I I I t 

both are f o r  R = 4.0 X lo6, 

. 
. . ." . . - . . . . . 

I 

. . . . . . . . . . . 
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Figure 1. - Geometry of the 47.7O sweptback-wing - fuaelage combination. 
L A l l  dimensions are in inches. 
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airlol l  a e a t l o n  

Saotlon B-B 

Figure 2.- Details of leading-edge and trailing-edge f laps .  
T -  
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h 
3 2 1  W i n g  reference point 

0 

1 

2 
P 

3 
6 = 200 

R = 4.0 x 10 

f 
Leading-a&ge f l a p  off 

6 

h 
3 2 3, 0 - 1  

0 

1 

2 

3 

V 

of = 40° 
Leading-edge f laps  on 

R Z  4.0 X lo 6 

h 
3 2 1 0 - 1  

0 

1 

2 

3 

V 

af = 40' 

R =: 4.0 x 10 
Leading-edge flap8 o f f  

6 

OFlap reference point 

h 
3 2 1 0 - 1  

h 
3 2 1 0 - 1  

0 

1 

2 

3 

V 

ODaaignaten f l a p  positions 
for which aomplete data are - 

preaented.  Flagged symbola . 
indicate that  data  are p p -  6- = 40' 
sented for R 5 6.0 x lo6. I '  

Leading-edge f laps  off 
~ 2 6 . 0  X lo6- 

Figure 4,- Index of flap posit ions investigated. 
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Figure 5.- Aerodynamic cbaracterimtica of wing-fuselage combination for 
several representative flap positions. Leading-edge flaps off; 
& y = 2 0 j R = 4 . 0 X l O .  0 
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Figure 5. - Continued. 
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Figure 7.- Concluded. 
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for several representative f l a p  poeltions.  Leading-edge flaps 
on; af = 4oo; R = 4.0 x 10 5 . 
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Figure 9.- Incrementa of wing and section lift coel'ficient at various 
positians of the single slotted flaps.  Leading-edge flaps off; 
R = 4.0 x 106. 
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Figure 13.-  Aerodynamic characteristics of vlng-fuselage canbination 
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